Host reaction to Helminthosporium victoriae and related species by Wilson, Veron E.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1955




Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Plant Pathology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Wilson, Veron E., "Host reaction to Helminthosporium victoriae and related species " (1955). Retrospective Theses and Dissertations.
14061.
https://lib.dr.iastate.edu/rtd/14061
N O T E  T O  U S E R S  
This reproduction is the best copy available. 
UMI 

mmzm f© iiat mmmim 
• m m^m smbs. 
w 
tmmm 1-. Wll8« 
A Disseitft'yLm SiitaittM to Wm 
Pae^ tiT ia F«rlial. f«d£llliMaat of 
fli® liquifwiwats fm tl» B#p^  ©f 
tmfm ©F rnmrnmi 
ifai|«ar Sutojecrlsi PSjott Pattoelsgf 
'lii'e|«rg't,. ©f Major WeA 
Beads of Major 
Iowa Stafe# e@ll@§® 
IfSS 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP13555 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP13555 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
ii // •a' "• 
S B 6 0 6 . 0 I  
\ A j 6 9 6 h  f AM' Of mvmm 
Fage 
llfflli}0efl« 1 
ffifia OF LiffiMfim a 
?i0fco:ria, IMgfet of 0a  ^ 2 
i» satj'wa m O&ts, i 
6«2a l©t of On*®' 5 
MraM' A® 4 , 9 
li^ ®i 9 
©altar# l®lia 22 
0«ltttrt 14 
SlalsisMti$e# ijf #»».»«»#»•»,•••»»#••.. 15 
HHEIMEKEiS »M.fS . 16 
M@sptelogie«l StiiMie 16 
@iiltux^ l 16 
Qonidlal i^^ ras^wistits. • 18 
H i^elogieftl Em0liiw ««,•««•••#«*••.•'*.*« 23 
m& a^^eelial gmmth. t^ la.ii«« . ... 23 
feie^en&twi effefla && SfUM * 
Swwfeb imstm ................ 37 
Eelaii©® ©f i® ^ eellal 
43' 
•isolate oia mM ^  %arl®r« 49 
eal» Krti. 52 
fieteftft bMgtel 65 
T^&m f-wfc. 67 
DisetESioir 70 
mmmx, 75 




la ym&m oat ci?ops. is tite Itelt®! States hmm iuffewi M^ h 
l©sii«« Am to « ftogal r©®t ret eeifiJjK, fl»#« ip©i!«ii© leeses l»v© hmu 
great to wafe f®gal roet r<^  m oat 
Qmimim mmemiM 'iwng0. f«ts li« mism h&mme their 
sysp^mm ©f atta^  aa^  siiiii.3.ar. fbsm law m flw3a iwt «ai«u3dsm 
tttac&Sag oatB i» ®'©wrfcii«» liit®4 St«fe»s wMch imM me&m of 
ptiew-ittsSzy sSati-lasr t© K«3.»ia».itaapa^ ...ii^  (21) 
cuul geaalmiyh^ HPPiaiaa satitai I* B. (25) • TMm tet rids^  a qusetlm 
eoiieiaffilag tl» of tMs etfte i-ot • 
fhal ^ t^siMlitf- 0i ft aw pi®»itie Hi(3giatlK»'is«iia ®p@ei©s- d«vel©p-
i»g in tb» ©«t ^ «»ai» ia th® sewlli@» liit®a Stat«s 'iwl tlii r^ tioMidp 
it ftlglit l«w witlj g. •gj.gfctacAait etii g. satinre h&m led t® this stt»i|'* 
fj^ t ^ iasftatigiettew imm i,migty^  t# masMm tl»s® ttae##' groups of ftogi 
»{»|3tool&gi«sally| i«A |*tl»3j^ ieal3y te ofd«r to elairfLfjr 
M^3p 3rol«ti«i'fei|!(* a patt of tl»8# Sws»»tti«ti» mm 4»000 oat 
Maw wrt smfe3#@t«^  to^  iie^ eiulaMew t» «i®y t® (wtJatt® eaure®® of 
2 
Brow Of £I«Af lEl 
mtiiit of •©»<« 
 ^Me3ainli««8ti:^ « WlgMii m fietsiAa feligliit iisewt of mi» h«s 
l»«@3i iEaews la tti# ffiiit#! it*"!®® im a f«lativ#l7 short tls®, fh® 
first rtport ef tIJj Aie«a®« 'mm gifim If Iteiiaii Wwtp  ^ (20) who 
attrifeifl«<l tb« roet r©t. ©ato im a aiw «f Halaliitltoap<alm Uife. 
In 1946, w«» s«ff«««i t3»a«®k««y^  t&t stat# of lowa^  
and tl® tmgm ma i»m It st«t« (21) • ma oat pathog«a wm 
iweribad smS. f* 'gietei^ aii. (21) • kems i^m to (19# p. A)t 
ffcta mm  ^ fm tliS sp««-teii was proposed to fLm 
©f tlM p»i«t stBSceptlbility ef 
fariiti« pimamsixig fietoria-t|^  rtsli^ isM® 
W OT©  ^
fh» foUoiii^  y«ar 'feolltem «iii iK^ f^  (12) g. yi«itoM»# pa3»-
sitiziig ©ft^  to uMi# li«#lH8a Ma (22) stated that ?tctc»ia 
Migiit h&& toiesiMi, %A1ft£a tw© jmm nftw its first 0m of tfe# 
asijoT' oat ii®«ai.<9«» 
•Ml© vid« hm% wmge tte»efe@ri.sti« of ttoi giM!ini«^ lw spsoi'©® 
•of HelfflJ^ tl»s.BQgi» i©« mt mU% for tli® npmim .©awing 
?S«tcaela t>liglit ©f sp^ <» ai^ «ffirS't© l» liaAted is it# ptcea-
sttiaa ©at •s'^ rifties potamusiMg the «flet@rla*tyi?# rasSfltaao© to eiwwn 
'J«st, fFaeeiaia as^ t^a iofia w.» wiiiajt Iflk®.. aui 1, Itm.). In 1^  
1 it ¥fti estiwttii ttel ite wisiy fiefeos^  (6. I» 2401) 
wiONi g»BMa m app«^ Dastii2|r 30 aimen aeres ia %lm laitti S t^tits. Sojb® 
oat fai«8itisiii^ . If 1# •gidtoAae Mm l»®«« fNapsiftM fey Ife3f|if and 
Wmhm {23) mS. Cli|13j.K5). 
deltas ta  ^Wsr  ^(21  ^ p, 433) iisciriM %h& ef tlie 
m m% m i&M&mt 
PlsKfca ibal*seS@4 iJi, %lii) sesS'Maa sSbs# wf® 
6l6eM#t6rt»BA 1  ^ @Jt th® taliX pCtS l^SBB* @IlS 
SSfipijSg  ^ Qf th6 iMiW'# ]^ ©@EW8S3B® 
moM irm tim %mm Imvm, Tte s.mm s^w i^^ me wem 
efMmb m fiaals in later of s^ ttxrityy 
tlw feffls^ al t%« md root-Tot l»iia© the pritt^  faetOT® 
in %hB disease^  @ii3m striping Sits* 
mlemMim of wf" to® da® t^@ $, wmhm  ^ ®atas®®« 
A #t^ g®sti©a ym 'Jitti® ttot l«f tteif^ ug wm tlte f^ smlt of pai^ iogeiiie 
a®ti« of th# j^ sip» th® pwittBtJbm ®f a tcaie fi^ taae®. l®dh« 
m& Mibe|j1  ^ (22) m& yits«Bib®fg®r (M) •l«®rly Ammm%m%@M tfe® ,p®«Sti»tic» 
®f tmin ^  !• yiet»ia®. Mmhm (If) timt tfc# tliitta©stable tcacie 
si^ t®£^ « v«8 pr®e®»l is th® e®lli ef tli® ^ ngns m mSl m im the stSs* 
Btrs^ « ®f ti» iml'te®* I.»af atri|iBg b»li«wi to l» a tcecie 
®ff«et of iiif#«tS«t ®lae© lifi8» «fepi!e^  Htm tii® hmt klUei i^ celiw 
rapii i|l»® ©f ©itt pSiislSt itidL|i.ai of mmt mtwm 
l^ jo^ s* -mA |22) ttatuS tMt tte g« irietQiAa® aight 
fe® « isarasit® %m w«alE t©' estiOslisli i»fs®®ti«i 4s titan® ®f 
sttBc^ tilsl® oat iiith©iifc ti» t«i® -sti&stiiae®. flu^  fagg®sted 
tlsat « t«le sewfttion vm a1»®*%ei %• -tti® plsost tis®m® ^ prl®r t© ftoagal 
fe¥asi©». litftwise-rsw (16) r®p«pt«d, that fcolli ww-fietaltt «Bi fieteria 
%• I* mf6m t® iMaiser of Itos of e«r«al iwp® anfl 
%it@i tt®t«s @e ipdipiltw#* 
4 
®at r«aefe«Mi t© Mgh et %lm tele «»-
timeA. 
la I947t mi C15) ^ ertot atifeoas of .iaooulatiMg 
oats -witii 1» 'yieteglaei m&m HeM sM eoMiti^ BHS* flwsy foiM 
timi a dt 5©® f, wm Imm immrmhlM i&f ti» fvmgm 1^ ba» ®3® F, 
lowiwrt at fe©1  ^ all ftots «f 'Varieties -mm 
kUlei# In m mm AM %bm mMiatmt -wl#!!## ifeesr Sf^ -ew of 
lBf®et®d hj 2» t© Mta«Bl»i?g«r aai <15, 
p. m)i 
'Qw3  ^time varieties that Mm tl^  irc«a rmt 
msletsm  ^ei Victoria wear® fmmA la 
tm%^  iMM mM &m of tlie ii8<^  to dttemla# 
Aether stwriving plants were escapes m* 
fi«rriiriag pljoi# wsws iaoculatid idth etrnm 
»m% mm 45 »• tif tweeftlbl# wr# dbfB'*^ m 
idbEt«w« ifflft if lia'elng the YiistmU. ef •eroim 
wt i<i^i0tajQ0@t elmsM, m 
fft^ ir tt*l aettoi • for ®®e»p€«' wm W tprtyteg the plajafc 
ylth ft. wmamiM df £« i^ 6toa?iatt* 
I» 1948, ihit^ teai &M 0SjSks«8ft (|1| %im imUmmm of t<M|«r-
atnr» at tl» ^  gmaim%im m #®a€lliig iwetios t© fiotcria l>M^  of 
o«t«« flieij* ehmi»& m M^ w imM^ mm of Hetoirila WLigte at a 
t«^ rat«r© of 2# §• tl«a &% 3j&® 
I* aatitia » ©itts 
Iaf»%i(»iit y«fei«3M®i law iSit^  :lja tb« 31t«ratur® eo«©®a*3afa® 
!•• tativtm m a |«wit« of i»tt« Jj Sppagm# (29) pointed 
I* satimaa tee a ap@ltttiv®l|' «i4« host Wiig«| h« r^ rtei that it 
5 
nppmrei to t« mm-t m a of 'lAmt msd barler* Mmm9V$ 
iteat m «ell m Mif gmmmp urmtm «ls&' tet»' 
im this g» saM«a«« aest wsMfti'tatloa vm «stial37 
la th® »at«r® of l«if #p©t IjiotclfflS mi foot cat 1b®ial st«B laeeroal®. 
!• satiiyia hm Mm in gimt infeail If mmy Jjii'iatlg.atispi. 
etelst«ai« C4»5i6) $ is Ma m.'Umtm m tfa® pl^ lolegie nprndAh" 
iafcti©a i«l pwiltifn <}f g* .gatifna. itoit' tMfl sptei## was 
of tt Isfg# slatoSllS^I & lSld.ted 
thm» mm eapabl® of parosltiiiiig o« ,^. I® p©isfc«i owto tl«t tM® 
crg»iiii i^ gM b@ ififlwoe  ^ Qf^ titleas, 
la 19321 My&m CM) ir(^ crfct4 Idtat g» satiym was wM«% pcwalest in 
Mm Semtii l«l»t atttiaiiig «pl|%loli# fmper%ima ©a ^b®«t m& ia 
1929* lltli«giii h» fowi^  'Os-to- mr® miTO iwist« t^|.. snwraPL 
dSfltinet 1BW# 0t>t®d.toSS iw, vSntiLflSiS® ffiB lAwfe 
<mte* 
CttJja m% ®f mt» #i^ ®*r#a t® fe© i»y •ii^ ar to -Wte lfelala1dio8oi«liBa 
wl rot @f i0»i fearl^ # §s i^s dSji««®« Isai iws  ^spiiytMW! i» 
mmon lAttt fieteijCa Mlglefe. 4e@«dl^  to SiMrlaaTt Cf» P» 444) i 
«»t, afj«r«at37 a «* diswts#, twea 
towi#!' ol>#«^«it€aai duriag tte pmt ymr* f'M# die^as® 
is ecmM W a> .p I^Ma'^ .^gNMd,Wi tlMlii?- iM mr^&l^  
to I# ifictogiaft «jd l»ii »» «l®9®l2r 
I«tf4pil3ll2]g th® latter* TMb AlnmBm te si^ tow 
iM emmn with Victorf.a bligM* i.«&aalMg ©f tlw 
iatem»dial tissue» d«»lc@Blig g£. tit® 
6 
t© .eoaias.opl»i?« dwelspaesfe# -wsla tesakingt 
liglit fia»a Masted pan;k!l«s8,' anfi h»a.vx l^ sAgisig in 
B.emm iMimMmst, 
he peiatct ®at ih&t •^Mm a«w dts#ai© ili -not ©ami® th® 
pisB-ti t® skow 3*^ «a3j^  ®f of the wMeli Is «ft@a 
otes««f«  ^la ©ate vitb g* vim-eepiAm* la ofee«3?imtio3M# ite 
tola »t e<ajette-  ^ witlh Vietorta "bligttp e'fiii thoa^Ii tli# ©at 
wteti«s »ii®taiit to g# iriet»i&ii wem feeiat iaaagsi. Shorty 
b#fe» iaytorl-*i (9}f eat "wirtetf S®«tWl«ad C®# w«w 
fMs wi«!% «a® showt t« fe« ©Mpl.#t«ly sai-e i^bl® to 
Bi« am eala reft dlseas# 'Ws# attiHLfeatei %f &EPlwt (i) to b# eaw«l 
If a s1»tia 0f Hi>3Ma-l3he»ipggt«it It |.» iatiiitt i® ioit yetijeiciiti-
!• yjgfcogiao lbs ©tliiw, tbfi 0^«t i^iitag im%wm ©f tfaii miIs  ^w®® 
ike toliflitiiif &i m% fatletii® t© |. ^ etae^a-* mother ireport 
If l«tert iM)f $M 3.fS2, slioii^  tli«fe hii mee^m6& I» iatimm. m th» 
#aB0al ftesgtj® for tfa« «j«t #aia st>t MB'tm®* 
Lmtti^  Cl*^ ) ststti timt i» mt m pl^ 4ol©gi« 
l«e# #f f • sati-TOa* !• «%g#»t«l tl»t thm% %m ef fca i^ fe« 
to  ^ 0m sptejjis. 
I.ttlt3p«21 (185- lat« eoipM!  ^t '^ sp®el»BB laii mA® »rpbol©g3.eal, 
•eultw»l» aad patMlegical sti^ i«i Biwih ©f f, .eatimam.. 
•&egothfe«siaM.i«8 i* salifeamigw Maekt# «i fsEKt^a,' ,g.. 
gflgetetjaiamm Saee, e* Sca i^iii f.» i?a;et<ariM g,. get^ pia# 1» 
f • »ati'«a ia lAtlt i» gea i^Miaaa wi ecaioMea f,, 
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wf iM m mmzm 
of KiamiatJ^Mp»iai m  ^in ln<^sMg®M.(» %mrm obtaiiusS 
f5r« iiate«12y laf«et@S ea-fai tai teligr* Mvt^mmtatUwe mltmreB of tli«' 
I* yjetegpiaft frimp mte isolated £tm Fulta oat st^ dli&gs esMMtiiig 
%pieal ?tet«is M.i#t .spif(t:ew» th% «mlJi rot wa.te®» mrm tapplied Isy 
ir. E, 1, Mmthsx^p uto© isolated the® trm Somtlilfia  ^ mim aimdmg Ottla rot 
2 
»yipt«»s» i« Satinni ttdtiir®® mm smpplied  ^Sr» lifeaees Moohaii • 
§altijr®8 r^wlwi irm tmhmt asi «pp#ar®d to roprosmt a 
@iisgl.9 spoei®«, g, satifm. ieeMial ebmoteristi^  of inoiatos obtained 
frm ?iist®pia Iss^WMm strmgJy ttiat thi^  wwe fri^ «ra  ^gpoaped 
i« aSSliSiSS* *31 is«^ti^  testedi ^eept those of 
1- yietegiae itiggestei %im% ths  ^mm !• sativmi. 
Wtm 75 ise^jitei eoUeeti^  f« tM# sttsdty 2.§ »pir®®«tati'v« spsareOat-
lag ^ eiiltttr  ^ i«r# a^eet .^ la p'elLlaSJi^  p«tii®g®»ie stvdim aH 
isdUntea dw«m«^ated m aMli%* to pviMiitia  ^either @r l>olli oat and 
barl€sr teedltogs, fiatme of aatwaUar I»f#et«l itaw m& roots was- stirfae® 
diiijifeetei % at^ari labcratt  ^wfeboda. Iaf«@t@d ttasue m» plaeed en 
%r» 1, W, Igaptoftf plmt pa-Miologist, Bi'risi® of e@r««l Crc  ^ aad 
f. S# B<^t, of flerida Igrimjltwral lx^p®piffl®nt Station, 
Qsiimmilltt n-orlda, 
Meateif @lt«iiia3. 0^rp@ Mol^ loal iMhm&t&rim, ¥r<a&&H.^ , 
Mar^ fiasd* 
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listsxry of %M 10 rv^esm'UM.m isolite® i« as followii 
'yjeteriae grewp 
laolates 1 mA 2 mm oMalnii basftl itea parts of oat 
ie@ili»@i ttm MeSala^fe^aeriMi iiife«ted a«ei« grmm 
in flbes« Mfe aii« frm ]^m1m ethmMg a 
Mgk im^m 6f' r«}@t 
laolftt® I ma obtaiaed £rea teal ptiftB of &»&§» oat a teas. 
,j^ «t» mm® ffS'em trcm ^mim with 
Ss(^at« 4 sHaissi 1di@ m'mm of smtay gt<sm 
fietaria pli«"fei skmdx  ^ i|5^tiws of fl#tiria WUlght. 
I@@lftt@ji 5 i»d.. $ mw% ebt^b  ^Srw Mmhrnt mA Meaitiltdd 
Me«tai m f. iatitm, teluert' 'iic&atii "yieift «»iltiir0S 
ttm mhmiMg rot spiptiM* 
Isolates f i»a i w«r« ®btiJ»  ^fr« J,as*fe«rt vi# il««haB, vh@ 
^dlat@0 to b@ g. aatlvm. fhif «er« 
Broil mt pliOite set 'to g« lisSidtoS* 
Amm&ing 
te'vilj liM i«@«d<f@d lilt Itttf* imxiatiii tmmA- »r®alial ImMt 
la 
I* gati'CTB fftmp 
Isc^jitt 9 MS® iJi^ tttea If Ir# f, t» £rm ieoi ©at 
plai^ ta grow at SeMstedy H* €.| sboni^  ttmtm te8.i^  eolm 
T&t* fMji ij'^ ta iM #Mal»ei trm Meete,' i&o eii^ gasted 
•^t it wm i« aatiiwa, 
Isolata 10 mm is l^at  ^% iipm piorasitiawd 
telif pltt-to m& wm M^atiltwl If Wm^msa m 1* aatiinaB* 
l^ aaees M#®fcwft (jprifat# #(aiwBiii.«iati^ .) 1952# 
%r, f • f • lwtoi0Pt» f4<mt FathA^c  ^Sgetliait Hertt e«p®lina Stat# 
eiaiftg«» Ral@i#f H* @« 
i-
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 ^, o-
H  
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Castitt 2.00 §»• yM«w4it 0.20 «g. 
P'3r«*«^dta«0i€ aoii 0.1© 
0.50 
Oalejto® 0.4# m» 
4#O0 Bg. 
2ae«it«d 4.00 lig. 
Iie< l^iii@ ii@M 1.00 Ig. 
^TiwCKSffl# l3{par@eiSl®Pl«l# 0.10 m» 
0.10 M§ti 
1« Pota' aSBT 
2, .i®ef»extraet a^&t 
3, feast-mtraet agar 
miott*s agar, 
modtflei C2« 
Potatoes 200.00 gli» 
20.00 ga. 
Agm 20 *0  ^ ga. 
BistiUmi mtm lOOO.CXJ al. 
l®®f-«cteaet 8,m Pi. 
ao.oo ga. 
li»till<  ^¥«1» 
20.00 gJtt. 
1030.00 nl. 
7«3ft««trael 20.00 gs. 
20,00 gffl. 
&&SSP 20,00 @a. 
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M-WKSMMM* BEEIiW 
the mlm  ^ habits @i the %m iaoia^a of MiaMati>iaep<arf.Mi mr» 
^&rve>d to »Qt« if §iMXmi.Mm •mmser  ^ «B«g %h» ml^ aem* Eato of 
greirMi, t«ti»», e^orji s»)iti«»f mA ma^m iiic«0dJied, fim 
tea e<^aBi®s to ©ei^ ia*i8c«is mm etd.twr«»' « p€ t^&-4.m.tTme agar ia 
Pw&pi dishes at roca tw^p^ato®, 
ls©lat®« 1 2 ahoi^  ooeikiA slaBilarity. g*w tmpidly, 
S|flr»i^ iag and heeoiag ja@eeoe« vooly* ©offir8#» idraf 8«riaX iiqro<Aim 
mirmilj m@t tht siirfaca ef t&i ag«r., OM<r ei^ caiias iroiwceil 
tuflei Mate &hmt the em%m, fteaa ailtto'es mm ehspae i^aei W mtmnf 
0if9 "TegataMva mre i^tm halcur ms& on tlui m& m mrly dma^ep-
mmt of atodant eeiiMia, fh®s® e«Ami^  wti-® at first gr  ^ia eolcr, 
twmSag oliw gp@« t© iark gr®®n a® sppaaASsg, aeaaatim# ani fmetifiM-
ti« edrm&eA* 
of laolatse I mA 4 v&m alik« m the hasis of '««getati'va 
sjycalial dwalofw^tit. fh® eolmies grew slowly, at fljwt l«rg«ly aials-
mrgdl.f ppQ&tmBim fm nattad  ^ fi€)@®os9» a<«ial e«Mia 
immi to th« aiga of the eolo^r* fl» ^ mtiro davalsfiiaiit wm a dark 
oliw-gywu, faltf aat 1® th« abs«*a« of a ®t«r£L® atrial ayc^tal margla. 
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j^eM iielalMW 1, I# 3# i®t 4 -la « «pcap# g3wai®j» If olat#s 4  ^ 9» 
«a 3.0 fmmA & *lmg «p®»" wMlm 5 twfewteii tl» tw 
gcm^ (llpa« 1) • Bata m tit# ixtitlA &i ^  Bpmm pm s^vei 
fSr^ttsMiae  ^ dtstfilwrtd«tt feaed « *mmm epea  ^ e«npipii«4 of isolatwi 
1, 21 3, 4, «iat « 8p©j?# grmp aai« ef l«®l«teS' 5» 6, 9# 
10 (Wigwte Z) • 
i^ate m 2M wpmm pm shmeA Itet of all iso-
iatii M .Is^te |«t>dlmeid mM i^a utth grm%m% 
t e w i ^ #  " H u e  * t « * f # © s ^  ^  y t t naariiaiBi eeiig wS.'Mi' gresttoiS 
uMib In iiMilft't ^aai emMM gfnttet t<@wri» tlM dis<  ^
mA  ^ rh« «f ««aMigt pir©dwaii all «4ght feai th® 
grsatest wMth m% tito distal mi* Qedlf ttolfites 4» ^  ^  hoA »we 
SB@am iddtf tekTsi^  tibs tsMiiaal tttaa. Mt tihe aiiiile. Iselate J i*im8 
q« mtac 0f 8|)dx*<g# vit  ^gs?@®tssS wMSh &% %liii ag wStii 
Kdji-te at -&» pwsEiiitJ.  ^ItaM® 1) * 
Tiro 00Jill3ro Ur SH# #Eg0v 
frMa to itfk lartM* Cf«tMiiit of 2« 3y  ^4 v&m gvmm, 
1*0 dlitveodoi • SaoMSs of tii.#|#'|i|# x 2 frs^wEti^ ' eellSjf 
alMit M-aeicy wlill® cmSdift @f lii#3st(M I 4 #eeiNiioi«ll|' Imd 
sl%lit3 '^ imxkmt asft e«ll®* fit® #®tora ©f «©aMla of imM%m 5$ mi 9 
wmm ^mk @liv« to Ir i^Ap witlt a durter teiS 9i^ prti%i»g tl» l^ airi«r grami;* 
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Figure 1. Fre<^ettQy distribitioa of lengths of coaidia fear 8 isolates of HelaiathospwitEii 
cnltiired oq oat straw. 
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Figtcre 2, Frequency distributicm of widths of conldia for 8 isolates of HalmlnthftsporiuBi 
cultured m oat straw. 
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Figtare 4-. Conidia of Helainthosporiua species cialtured on oat straw, 
(A) isolate NO. 3J (B) isolate No, 4., 
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Figure 5. Conidia of Helminthosporimi species cultured on oat straw, 
(A) isolate No. 5J (B) isolate No. 6, 
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Figure 6, Conidia of Helminthosporiuin species cultured on oat straw, 
(l) isolate No, (B) isolate No. 10, 
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Figure 7. Noaber of septa per conidium for 8 isolates of Helminthoamoyliim cultured on oat straw. 
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Figure 8, Temperature effects on ccaaidial gemination within 24. hours for B isolates of 
Helminthosporium cultured on oat straw. 





 ^ 2C 
r-v 
' ^  I I 
/( 
J L. -J L .1, 
/5 20 25 SO 55 /S 2.0 as 30 ss /5 20 25 JO 3S 
/Solatje: s i /SOlate 6 /SOLATE S 
^ 40 




J L i L 
/5 25 55 
.^ 1 ! .1 trrm.. 
/5" 20 as 50 35 
/S0ly4 TE /O 
J J-_„L 
iS 20 25 30 55 
J  L L J  L-_„J  u  
/S 20 2530 55 j -L- -L-U J5 20 2550 25 
£ / /\j Dt if /"V^ .r A / / rz 
Figure 9. Temperature effects on conidial germination within 36 hours for 8 isolates of 
Helminthosporium ctdtured on oat straw. 
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distillii m%m th«i to a asistmi p«roi»slagt at iQ 0« 
was t$ tifsat tl® U3Bdfo»3j» 
B'iiita on dxl@d a^#lls2. Bats wstw w«ij^ hli^  tte Mts aa 
Kmlftteal ibtlsae® t© a«aw(it atlllgeM. Q»w«i wigiifai ©f tm 
i@o3jtt<«i m §mmn wUbwlmt coI^dioBa. .grovlh t^sposaena* 
tefifit for if elate A$ isolst  ^gmr ykm all si^ pftl«i«irts '-were 
to tlie MiohMm -affiti Eawngli te«l 4 giwr l»est 
^tMj&KiMst iaesit®! wif« '©idLttsfl# d-ata iatitsa'toHS thst aai 
Motia ir«r«' f&r ftppMeiftlil« is a31 Ut®lates, Ci^ tim 
lg^aj?03|«*t# figjforttd "vmy littl# gtwlb fm all 'ijialiit#®, «e®pt isolat# 
s CMfw® mh 
Mm aedia eM ^flaM®iiP» th@ %m i»©i»t  ^wetm «mltw®i ©a 
|3©tftt©*4fi®tTO«« agwTf agar# y«sst»«ti»el agai'i, 
swf©®# udtwtt# agfap «b4 llli®tt»i ag«» Sel^ ai^ s 
wme® &mm in siltiM tute SO ef 3re|^ -
eatisaii of meit S«'©l«t® p«r »8^»i w$m p^pupwi# I3i« «iltw«8 v«m 
la daite@i« at rom iMl* IbMllatijf tm 12 di^ * fbs 
mm mmimAf tl«l2r ewftte® &mi%h iMNii«rei in wdXMmAmm:, m& 
tim iata- f«r 6 ememsim 2-ii^  
fMiit-tartsraet s«pp©j?tM »latiif»  ^liitl® gwsifl&  ^ for «11 ii©late®, 
«0ce®pt iselat# 10. Is©lat«s Ip 2  ^ »i I sliowiii siailar wittti©Bi of 
p^wth to «ii^  tnelMtm laai §• grow  ^
pmi&ms  ^f©r «Sa»pf&*i ®g«r imMMtA} aal llli©lt*» agar {a©aifi^ 3. 
ii0l«t« 4 shmmS. ©©oiM^fcly mm gNwtfet m b®®f-«ietwiet «g,«r tbaa ©a 
«r ©th®r 3»ii» Cfi^ i* H) • 
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Figure 12. The effect of five hydrogen-ion concentrations on a^celial growth of 10 
Helainthosporiua isolates cttltured on btiff^ed beef-extract agar. 
4S 
la this iawstigmtloii. fMmt&m, m wm dtslgiiei 
t© st '^ t&« ©f ih§ pwtdweM mdb of tht 
test lii»3jit«0«. mim eo3il»ll'«i f3aii1i.eii! • t% wm l&pti tttat tMs 
saSSost ,w@ild )ft ttesB th^oiigh i$iiS,#ii'fesii8S  ^ •©£ spoe£f!i9 Snoilft'^  
MA its tet MlatieiMiMp* 
fii« ftefi vmm- i& M i^iS ter mi mniih mt irow tm^aip*' 
atisr». fiHk lit^M ai3te%t«t« ecwifloS 1 g»yi &f W gmm ©t 
0*5 gpm of potiisiiA a&ieteie 0.2§ gjraa of »stg»c«i<w 
^ 2)^0 id* &t mt«r. ^eMai m% ^vtm sipmti^ 
jQrm fulrttnt# % ^ tratids tte i^ogb ti Sml%% Imetwil&legioal filt«r 
to tm&m %Tm iiiMitimt# filtmtm turn ^  HfiAi ealtmjroi w«re 
ustiii. vitb a psr%im &i tb# ns^ltared wti m a 
€^«r dMkt nmm i»t«r m&i. a talMt'Xmt® 
«altt2Kfeei». 'fh% mm t© « mSmm. of ©a® 





1. 0.Q A. 0®.i A. 100.0 
z ao,o li.* afi.® aa,. 50.0 
3 la. 3©.0iA* 2§.0 
4 5.0 a!-. 31*® .li. 12.5 
5 a»o id» 3i.O «!• 5.0 
6 1.0 A. If,© rf.. 2.5 
f 00,0 la. 4©»0 ai# O.O $ 40.0 aS., (wa&lttmi) 00,0 «1, 100.0 
fo stttijr th« @ffeet of the afa&ierii iiteri' m emMim Mt plaato th« 
m^3M@nt me eoadtusl^  at iiitwi 1» nplisatioM* 
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eaus-i^  '&% 23 pm miA bat ii® •wiltiig was obserwi 
im thmtkm «ats wltihia % bom b@3@if tUs eemmtratieii« 
Mi* te«-'tiag ^dth fietoria plaKfeit tit^ps ©f is®3l«t<ai 1,. 2, 3, and 
4 m wHting b®l©v e©ae«t»tioi!® ©f I eiait •!» 4i 
pap^^jaratiutts irm iselate 10 pa^weM wilting wlt& t©»®3Ktei»ti©i» m Im 
m M%5 pm eentf in 25 #6i!t is^MMitMtieiis lits irm ieo-
l&t@s §f 6, mi f iMumA i^ lti£f, for isolates S sad 9 & mmmtvaMm 
bfl©w 50 p«r eeat iii »t' earns# id.lti^  ®f fi«t©fi» ®«Miaiiagi ia 2 
plffirite idtMa tMs ww» wiltwi by •iab®txmt®8 ©f all 
i®0lirfei« at tit«» ©f  ^tad 100 p®r m&t$ it nm m% mmmmvj t® apply 
tit«3f« afeov® 12*5 p« to ii^ me# wiltiiag vimm. smbstrstei fxm isolntes 
ly 2,  ^10 l0@late@ 4 <S pei&imm& & sabitm^e tMok 
II 2$ pm mmt @®at«iitrfttioa tn i«ilt ^ h»mkm m%e witMn 4  ^hmm 
(»1® 5). 
i«itter Vittcaia wm QhmMm fto«i wiltiag vhm irrigated 
idth tap water or witb « portiea of %im wtU^wi st«ril» miMm oa 
ftegi bfti »ot h&m (»lttirii4* 
fk» #ff®«t of hm% ©a tli« t«idia wm t«ste4» A pertiom ®f taeii iso-
lat«»® imbstra ,^ wM«& ina si®p®rlei fwgal gwswttoi wm mt filtered# 
the 'rof«tati'?« was wm i®p®r«t«i fl» ti« sm1»1»«t» 1®  ^ itr«i»i»g tlw ewl-
ttxm thmm^ Vkm tbe qfei^ Liat m» tbt 8«ibstr»t« 
wtts a'tttoela-^d fcr IS simutes «t 15 p»taai8 prmtrnm* 'fietoria aiad 
©at rtaetiiw t© aoi ICK) pm ©•lat h«at-treatei titewi mm 
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patlK^WBi, W9m kiUM la 30 digs, Peatlssd fetrlif slwed Mgh 
sasti^ titoilitf t© aH isolates, «e«pt is©lat«i i| 2,. 3, ma 4. 
A o®s^«atiw s*oB«y ®f spf»t««s eupwitti oat aad larley plaa1» 
«poi<»i to tJi« 1© isolate foip 3© iagr® appwef i» 6,. fh# plint 
f|^ t« ar«  ^ lllW'tott<  ^$M Figwts 13 tteetigBt 22, 
IsolatlfOM ©f f»gi i#«»« aad® stis«.(iptil>l« lawts fey staiiBawii 
"Mmmtrnf ptm«&vm, f»tieiOj  ^msMmm vm to kmp all •Wi® 
i®©3jit«S' 111 t&®ir y^p«©tiir« gro«  ^ 4» o«i«r that tfe«f idigfet 1>© oi:^aiwl 
witli th# oHglsal 10 «lt«rei. f&o mmrmtwi isolfttot 
slwfod the fnagi had tlioijr orf i^»«l e«ltwml ©lis«k«^trt.sti®i« 
Smla »t 
fo ^o«ptala of wmSm^mm to fot of «tB., m msprndma  ^
w®s i«s.lga®i to d@fe«mija© o«t #«» l^iag- to, tlto mgmiMm 
m mmi3a$ ottS® -isst Cl©)» fiMs TOi4«t^3  ^ imi s#l»tloii® of oats tietoi 
4  ^ followit th# ItSS lorli tat 6©ll©®tioa| ©«ts ia mm-
at lawi, Iowa 3a 1951# lf5^» IfSj eM 2$ wmAetim r«giit»3»d 
tb# Mmri&m S©ei«4y of in'oaaf» 
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tiiroly liS«h offioioMy, It wm to iosiga m dmimhis iot 
^minatiig iaotoOstiag Isrg# aiAsfS of s#i^ ll^ ' plsffifes sSiaillfir 
sBflySsroHBBBtal e©QiS.t4®Q6e 
ff«farat<ay to ®ittiiig  ^tto giwB&ow# «p®pi«aitf. ilaiafeefcei 
CLati wem plaeed m iiiiaf«®t^ ®a gri»ii®«s« feeMlioi# fhm flsU vwre 
nitMLa mm iisa  ^of tli# top vl-tti ®t«rlliswi plait«p-g»ai# 8i®d» 
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Figure 13. Reaction of Victoria oats (1), Cherokee cats (2), Southland oats (3), Vantage barley 
(4-), and Peatland barley (5) to Helainthosnoriuia isolate No. 1 in artificially 
infested soil under greerfaouse conditions. 
Figure 14. Reaction of Victoria oats (1), Cherokee oats (2), Southland oats (3), Vantage barley 
(4.)> and Peatland barley (5) to Helminthosporirn isolate Ho. 2 in artificially 
infested soil under greenhouse coniitions. 
Figtire 15. Reaction of Victoria oats (1), Cherokee oats (2), Southlard oats (3), Vantage barley 
{A)f and Peatland barley (5) to Helminthosporitm isolate No. 3 in artificially 
infested soil under greenhouse conditions. 
Figure 16, Reaction of Yictoria oats (1), Cherokee oats (2), Southland oats (3)» Vantage barley 
(4), and Peatland barley (5) to Helminthosporitm isolate No. 4 in artificially 
infested soil trader greenhouse conditions. 
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Figure 17. Reaction of Victoria oats (1), Cherokee oats (2), Southland oats (3), Vantage barley 
(4.), aM Peat land barley (5) to Helminthosporiwa isolate No, 5 in artificially 




Figtire 18. Reaction of Victoria oats (1), Cherokee oats (2), Southland oats (3), Vantage barley 
(A)» and Peatlaid barley (5) to Helminthosporiign isolate No. 6 in artificially 
infested soil tander greenhouse condition. 
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Flgm^ 19. Reaction of Victoria oats (1), Cherokee oats (2), Southland oats (3), Vantage barley 
(4), aM Peatland barley (5) to Helminthosporium isolate No, 7 in artificially 
infested soil under greenhouse conditions. 
Figure 20, Reaction of Victoria oats (1), Cherokee oats (2), SouthlaBi oats (3), Vantage barley 
(4), aisd Peatland barley (5) to Helminthosporium isolate No. 8 in artificially 




Figtire 21. Reaction of Vietcria oats (1), Cherokee oats (2), Southland oats (3), Vantage barley 
(4.), and Peatland barley (5) to Helminthosporlum isolate No. 9 in artificially 
infested soil under greenhouse conditions. 
Figure 22, Reaction of Victoida oats (1), Cherokee oats (2), Southland oats (3), Vantage barley 
(4.)» and Peatland barley (5) to Helmlnthosooriuffl isolate No. 10 in artificially 
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8. ReaelloB of oat mrioties to tdetorla® isolates 
1 aM 2, aiii to nm  ^ 6, 
ia at t«q}«mtuM! betwettQ 2  ^m& 3  ^
Iix^cr of oat 
<9>ariefcies and aeleetioxM ©tjto ret fiotoria blii^ t 
3323 K S 
m # . I 
630 I s 
2? s  s 
m fi®iS#ta3a@# 
laiie«t®8 swei^ iMlitF 
&mm fwfc 
B^or« the of ?i@loria oat@  ^ into pmgwam, 
fietoila blight Itti not h«m ri^ H@d la tl» lait  ^Stat i^NS. Mmmw, it 
wm alrnm is the patbogMiieitf that Mm oat irarietii»i with 
e» I, aoabers i-eoofdea befoi?© the istise i^ietisQ of ?iet<wia mm saaoi^ tible 
to g» aSsWIaS* tMs diaooiw  ^mi' hlgb^y fyu t^ioaed, an iMmMti." 
wm initiated to elaHf  ^the aattex*#. Jla ®E|9«?iMit wi^  designed 
1 SBMi Br. !«» S» Sia«i to t^t the reaetioa of th((«ie ai»e 
iweletii^  to erowB rm%p mm 2®» hoft f^aelica to ©reiBi nittn $ and 
M dapi after th® aeedlisgs veim inoeulateiy mm iM fable 9, 
HI vad.®ti«« diiplir  ^» "fisAoria^tfp# erwa rm% r®ii«t8i»e «eeist %im 
mviwtj Qmmm tesy Miater. fhi# vmA^j «ai the icM eliedfc prodiaeed 
siae i^ble p«itiiil<^# 
%r. Maw 1. SSaeas,. float fal^ legist, Bi"slsic® of Cereal 'ero  ^ aM 
Oieitti^ M  ^ Oaited Static O^arteei^  of igrim^tiire» station  ^at Mm, Iowa. 
6B 
1 1  
III MJli YiJ 
ee M 
l i  
%s) I 
n 
I 'mm YtJi 
K 
A & 
t t  
m 
fk@ m% vari#!!- {&•» Im 20%) vm $M^ rbeA iato tte tflitttd 
Stat®i imm S©mtto AamAm te. 19®^# It WM: »«i « f«r«^al ferwiing 
•asttelal f©r d4s-««« iWE|jitaM#> mpmdsJi3y t© crom srastg: 
adapted farisiSis.e iwultiz^  flwi VleSoriawBif^ UaiS 
er«®®e# 4i@pi.®|«i4 -wmiMtrnm't© wet •»! 'iBiil «ai em% t© fc® iriiiOy 
giwna# 
Hi# ©at vmtt^ w iM|f of Its s©l®«ti» »€ l^ tjrids 
Cl9t23#24| twe t^lbl# t6 g« MetaMma. Bmh wiletlei' gaa?-
r^aJjl^ r il@|iligf a h||^ M®itf!itive •»!a#ti.©a t© 00®% tmm of e«iwii 
»®t» f b« is als© of m tJhe «fi©t6fi»-t|pi9^ TOsitt'sae# 
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©f tli® eesMial •elai?i,<it0»i.site» di'rM«di 
t&i lalatetlMSfp&giai w#®i M tMs iawistigatiei %m 
CteaMia #f If 2, 5,t ml A a|p®ar®4 c&ai?«ct«^Me of f* tietegiaij.. 
liiil® f©aMt« ij-s i^»s % 6  ^ ea  ^10 s^^smA 'ftteaeteflstl# of 
!• l^ SSB* CltelttMf t aiii, 8 AM »t ®€«iilis Sa ©*ilttap«) # 
ffee ttiiiliai i»®ita'e«ii'^  for 1# 2, 3, issii 4 ftll Ijttsiawi, 
#I#S to 47.6  ^13-#4 to if,0 ji0 idtfe »i«. ef $ '0«MIa of tlssif# 
Sjsolatss wsm liglA ©lit# giemn 'i& mlm$ M tMa ®®11 w»13j» MedNaa 
(19) ii©fa»l eoaMia of ,S». lai^ t^aii §§ agaswing 40 to 330 Ijir 
H to 15 jit 'vt%h mA% of $ ©elof ritagii^ , fsw ^Bltgtaoai t© daste 
oMfftoeoWf and te '^ig tMs, $#13. wHse 
iosMial mmmmmmAB for Isola'tes I aai 6 57,g to 6S*0 
17#0 to 23.»S «itfe Hoi® ©f 6 i«pta| ooiMIa of isolates f 10' 
*PiS»- 74*i to fi«2 20,4 to 2|.,S ;a, idtli nei« raal 7 ®»pt«» eoiiia,tii 
&i tli«s« i#olst«i w#» i«il: i^ ¥ii to hwmm -ia eolor m& hsd tfeii^  e«31 
Willi# P«i©l Jl (15) ecMila of §* aati»a§, hmmshj^j® 105 1«3 
330 15 to 20 m 'Vitk 7 "to- 14 (IfI im3& emMM of 1« „ 
aatii>  ^ oli'fae®©!® to Isfoifli# oeM»ii3  ^«ltli mm at «aiii -iiiat mA 
i®sif»»t®d tl» •e©31 'walls i»«latlf  ^tM«aG# 
It sliomM l3» n0t@a liiat tltliosifc ««8'w»®«ls tm mmMi-m of th® 
•««3ji ^©l&t@t iiiro «»M«s»fajly tlas. tlios# fcr eojoW-ia of tti# 
J-* v^otQidae iiolate®* tlw  ^mm not a« larg# « th© mmmxcmms  ^ foa?' 
!• satimiai i«olst«. fa^afeilitr »' that fbosm aaoag, 
©0ni4ia of i®elat«- 5f 6-, $•, •lafi, S©' i« proMtelf 'mam %im ,mlo ^tli4» 
»p#eies of itmil tl«i th® «®«|5(tios. fh0- wld# 8i»i« ooaMial »iBm 
72 
Tep&T%9&. b&mt m well m im th# liteMtur®! pweMw tli# pessibility of 
i.«liaitli3® 8 8p«elj§i cm %Mm baeis aloa®, Dre©fe®l«p C?# P» *^3) 
fhm tsspoMi'raMss of H®3Mji1iio8sapiaB • gatimtB' to 
diff^piaae®® ia tttrir«i«art^al ©©aattleas, Oltm* 
trat^d, for «ii|)l®| la th® ©fetsiaed i«»iiikll 
mA QixtiMtmmm im th@ir BtwS^f ef v«riAtJb©i»' in l«ngti^  
@f 8p>ms  ^ mkm it iMi Mtj to tM@t m veil 
88 mis  ^©tte @$eei®$y 'ui-ih m gwmt pwmMim. lui niglit 
be fie diffi#iil% if Mtwinntti ^  
mi itIii'iW itir liiito tii> •» • iw tii?! w jmif^ W Jr^m HmMMtm A li^ -—^-31 —-- ' • • • - — -• —Jt- ^ - g-m jrwnij^ T m &W3a.mi&§i w Hkm m tOSiei* S3ISU.8I* 
eoniiiti©» of g3P0«tfe, 
Siagi^ stie 8lmx«el#i^ ti<» 'idgM 8<|»r«t« to% isolates 
I* aatiiyiia mm m% ®1»8«rvei M tMt 8ti^ « 
TItti plispi©l#gi«ftl tftit»jp geB«?all,y# 8l»w«i ®iffltt« yeapoaswi for all 
%m isolates of l®ladjitfeMaQriitB» ^Mmpt for tlw toslM.^  eloso 
of tb« r@@iQlt8 of tlt« fipiiologieal iaAioated tlmt 
i8olat88 ¥itMm 8;peoi*Mi.p m mil m ia'olatet @l^ .e3f rtlated apmlmp 
mry ia reqiAwtt^fes for 1101*1. .gwmAh* 
tm tiki t®f  ^ of twqpimitvirt r8ltttio»M|» to ifetliiil growth the %m 
ifo'latti r®s|w^«i Isttt totif®«ii 2Q  ^ t© JO® Kmimm oBsliBis of th8 
«ff«et» m w l^Ml gwi^ li rw«il®i greattr ^ ftwwtiai 
mmw^ iioliit  ^1« 2, $0 mi 4 tham i8olat@8 §, 6$ 7, &, 9» aM 10. 
fiHA tim i8olat88 e^Mtei iK»8t spore gmmimMm at t«^>«mture@ b«t¥i^  
25® to 3  ^6# fMmAm mai Metitt to %»• wmmmsef  ^ im any 
ftftr®ei8%le p^nth Im all iMlateS'* Agar tt^a r8lati«»»liip ayoelii^  
psowtli 3»®|«a»es i&oii(rf-|>««£-»»ia£t.«&et agar ©r §mpiM*8 $werm» idt»t« 
foliitioii a©di3a«4 «itli iis«r to ^  pfef«i?ri^  Igr isoljttw 1# 2., mad 4,. 
lii^ 'l^ iSEtimet sisgjport i^^  llttl# j^f©«lial grewth ia aoit ®af.®i# 
l&%m 5, 6, ff if 9,. aai 10 wiei in pmtermm for 8"a<»ros8 
•aiti«t® ®olnticai ao^fiei with @g«r or lHJbotts • agar, a i^fi^ , Sasults 
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lf©afplji>lo|i«ial mapmAmm of iKsMtiml ehtytetioistics sajparted tlis 
I* ^etQgi*« 3i»l g« e&%±mm gx^tQxLig ef tlie isolates, fte l^i some 
iiffazw@M i» idtliln ^b«8« two gTtmpBf vsriMtiem 
Bmmi tito soft mm tto ml* idtMn spsei^ i of tegi tte. ^ 6 w(s«|3tiQii« 
Siagiestie th«&sefc«^t343® wMcfe idgfat 8«p«»t# tli«  ^ rot isolates 
i* satiiTttB mm i»t ©te«rvi^ . 
6oi£liiit ef iselat®!' I| 2|i aai 4 www#d i0S te 4?*6 % 13,4 to 
17»0^> ^tb aoi# ©f § fffia, wmm light ©liw gvm& is wlor, and 1*«<I 
thija «»11 Mull®# ©©Hiiift of is©2«ti« 5 6 to '60,0 Ijjf 
17,0 t® 23.8^th «©i® ©f 6 ®^ta| ®»S 'tO'i^ ia ©f i»'®lat<  ^ f laiA 10 
!^e« 74*8 to 7®«2 %-• 20.4 t© 23.S^t idth a&i^ s ©f 6 wi 7 s«pt®. iooiiia 
of iselatis 5» 6  ^ 9# aM 1§ i«fe ©liiw t© bros® ta e»l©r oai hai 
%MM 6#11 Cliolttt«i 7 «ai S did m% pE^»i® eoaidia .ia ealtur®). 
ft; i^©l0gi©al tists, iliewti sirfliar pttfc«ras of r^poia# 
t&t all %m  ^ ei®i« ecapadsim of tli« vaults ©f 
tlio ^ i^ol^ eal iaii<mteNl iio'latia withla spacies, m 
i#«ll as is©lat«ig ia»i0g. «l6«e3y r©lRt®<l «ti®oi«9» -wiy ia *s i^iii?«»«ti for 
m«ml gjTOwth. 
?«lasoe® amJ^nis $f tw^wtar® eff#0t8 m j^ l^ial ®ro«tli rmmltA 
ijwater aiffii»«^tia. &mmg i®olai«® ®f th® .|. ^fttofiaa fiwpii)® tMa th« 
!• ®aM.i?iia f«a^ng, vith Mgbly sigaiaiwit iiffi»w>® l)«few®ta th© %m 
geoiipsi. 
tuasicity iW€»M.gtttlo» illwt3»t«i that ffl®t.itoelie ppoiiietii of th* 
!• ^ etoaAaa gmv  ^nilt  ^fietcad® ««<» at mxy Im . This 
*«ralt «itb f i^ts in the lit«patmr» of th« iiporti®©# of tcsde 
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pamxwda vimjmiM isrm wblek to ba#« a tn l^l &mh ti®t m 
th® ftoigi sare stlmilatsft to th®i3p p»f»st itages ter i^ sitiw Mentifi-
tatioa. 
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